Grain size analysis and sedimentology of beach sediments in Lagos, southwestern Nigeria have been studied. Ten fresh beach sediment samples were randomly collected at a depth of 25 cm -40 cm along Lagos and Badagry axis. The sediments were analyzed by wet sieving method. Ternary diagrams indicate that the beach sediment is silty. The graphic mean ranges from 1.02ф (medium grained) to 2.21ф (fine grained) with an average of 1.61ф (medium grained). The preponderance of medium grained sediments and lack of coarse sands suggest moderate to high energy conditions of deposition. Graphic standard deviation ranges from 0.01ф -0.81ф (very well sorted to moderately well sorted), with an average of 0.52ф (moderately well sorted). This is probably due to rapid back and forth flow of the depositing medium. Inclusive graphic skewness ranges from −0.38 to 1.41 (strongly coarse skewed to strongly fine skewed), with an average of 0.41 (strongly fine skewed). The graphic kurtosis values are between 0.44 and 1.37, which indicates very platykurtic to leptokurtic; with an average of 0.78 (platykurtic). This variation suggests that part of the sediment achieved its sorting elsewhere in high-energy environment. Histograms of the sediments exhibit both unimodal and bimodal trends. The arrangement is dominantly asymmetrical with varying modal class, which could be attributed to variation in the energy of the transporting medium. Bivariate plots (simple skewness vs. standard deviation and mean size vs. standard deviation) show the samples plotting mainly in the river sand zone, which suggests that the sediments were initially river sediments before reworking to the present site; other parameters that discriminate between river channel deposits, overbank deposits and overbank-pool deposits show the beach sediments plotting in the river channel zone. Linear discriminant functions analysis indicates a shallow marine beach environment in agitated water, with inputs from aeolian source. The Passega C-M diagram suggests suspension and rolling as the mode of deposition.
Introduction
Analysis of grain size distribution has been widely used by sedimentologists to classify sedimentary environments and elucidate transport dynamics. Grain size frequency distribution and textural factors may reflect the mode of transportation and depositional history of an area. Several workers have endeavoured to infer depositional environment and hydrodynamics from grain size data [1] - [17] . Grain size is also an important abiotic component of the dune ecosystem. The grain sizes of sediments provide an indication of the shear stress that must be applied by the medium to initiate and sustain particle movement. [18] found that the mean particle size of sand was the most important factor influencing vegetation composition, structure and distribution in the Malindi Bay coastal sand dunes in Kenya. Reference [18] also noted that geomorphological units consisting of fine grained sand had high species diversity in contrast to those with medium-grained sand which were mostly not vegetated or sparsely vegetated; these differences may be accompanied by changes in chemical composition and/or substrate processes. The foreshore sediment is generally influenced by coastal processes, especially wave action and beach morphology (beach-face slope and shoreline orientation). The grain size characteristics in intertidal zone are changing with sediment transport especially disposal and removal of fine sediments. In tide dominated beaches the tidal current can play an important role to change the textural characteristics of beach sediments in an estuarine zone. Reference [19] identified that many rivers in Asia play an important role in carriage of sediment loads. Reference [20] also discovered that the ebb tidal sediment fluxes are higher than flood tidal fluxes during spring tidal cycles. The objectives of this research are to determine the texture of the beach sediments in the study area; infer the textural attributes of the sediments and the likely source(s) of the sediments and determine the hydrodynamic regime under which the sediments were deposited.
Location, Accessibility and Drainage System
The study area is located within latitudes 6˚261'17.94" to 6˚23 '22. 014"N and longitudes 3˚51 '14. 154"E to 2˚48'59.658"E ( Figure 1 ). The study area also includes the beaches around Dahomey basin at Badagry-Seme and Lagos, southwestern Nigeria. Badagry is a coastal town in Lagos state, Nigeria, and it is between the city of Lagos and the border with Benin at Seme. The study areas are easily accessible by motorable roads and tracks, Figure 2 shows the sample lo- 
Geology of the Study Area
Lagos lies on the Dahomey basin of West Africa, which is situated just west of 
Sedimentological Analysis
Wet sieving method was adopted for this analysis. One hundred and twenty grams of each samples were weighed and passed through a stack of nested sieves arranged in upward increasing mesh diameters from the bottom to the top. The sieve sizes that were used are 63 µm. 125 µm. 180 µm. 250 µm. 500 µm. 600 µm.
1 mm and 2 mm respectively in ascending order of stacking. The 120 g of each measured sediment sample was poured into the sieve (2 mm aperture size) and water was slowly run into the stacked sieves. (wet sieve). The grains retained by each of the sieve was collected into a moisture can and labeled with the sieve size, each of the grains in the moisture can be oven dried. The dried sample retained in each of the moisture can be carefully weighed to the nearest 0.01 g on the digital balance (product name: scout Pro SP202.SN7130430803). This was recorded against the corresponding phi size and repeated for all sediment samples. Generally, the frequency for the cumulative weight percent and corresponding phi data was subsequently used to plot and calculate the graphical statistical parameters, such as mean, inclusive graphic standard deviation, inclusive graphic skewness, and kurtosis using the formulae by [3] , and within the accuracy of Wentworth grade scale.
Graphical and Statistical Parameters
The The grain size parameters such as Mean (Mz), Standard Deviation (σ1), skewness (Sk1) kurtosis (KG) were calculated using the formulae provided by [3] .
Also, histograms were plotted with the percentages of the weights retained on the ordinate, and their corresponding phi units on the abscissa. This is the main device used to display sedimentological data. It represents frequency by rectangular blocks, in a series of steps like bars each representing a frequency distribution of the grain size classes, especially the modal class. This method is pictorial and cannot be used for the determination of any statistical parameters as the shape is greatly affected by the sieve size interval chosen. Nevertheless, it is of value in plotting distribution of sediments on a map or stratigraphic section as the height of the columns may be more easily compared visually than if the data were plotted as cumulative curves.
Statistical Parameters of Grain Size
The following statistical measures defined by [3] , were calculated from the cumulative plot such as graphic means (Mz), inclusive graphic standard deviation, (σ1), inclusive graphic skewness (SK1), kurtosis (KG). Precise measurement of average grain size sorting and other frequency distribution properties required for valid interpretation are necessary. This is so modeled to deduce accurately the history of transportation and sedimentation of the sands and the nature of their depositional environments [3] .
1) Graphic Means (Mz)
According to [27] , the best graphic measures of determining overall size is the graphic mean given by the formula; measures the average grain size of the particles' population in terms of energy and also; indicate the average kinetic energy of the depositing energy. According to [11] , the average grain size is also influenced by the availability of this size as the sources adopting the standard description presented by [28] .
2) Inclusive Graphic Standard Deviation (Σ1)
Standard deviation is a measure and mathematical expression of sorting [29] .
The sorting of a given population is a measure of the range of grain-size present and the magnitude of these sizes around the mean sizes. Standard deviation values reflect fluctuations in the kinetic energy and hence, the velocity of the depositional agent [11] . Mathematically, the inclusive graphic standard deviation is imputed as [3] : to the median [11] . A given size population that has a tail of excess fine particles is said to be positively skewed while one with tail of excess is said to be negatively skewed. Reference [3] gives the mathematical expression as: 
Results and Discussion
Field description of the various samples collected are presented in Table 2 . The 
Frequency Diagrams
The frequency diagrams show the modal distribution of the sediments, while the curves give description of the transport medium of the sediments. Figure 3 The histogram is a reflection of the source of the sediments. Most of the stations are bimodal, with peaks ranging from over 30% to over 80% at L8. L2 shows domination by a fine population and is attributed to the deposition of sediments primarily by waves and currents. The bimodality is ascribed to discharge of The dominant mediums of deposition of the sediments are current and wave. L2
and L8 showed no record of coarse sediments deposition which is a reflection of tidal change in that area of the beach. The outlay is dominantly asymmetrical with varying modal class, which could be attributed to variation in the energy of the transporting medium.
Textural Distribution
Hydrometer test results (Table 3) shows the percentage composition of gravel, sand, silt and clay. The result showed that the study area is dominated by sand sized sediments. The gravel content ranges from 0.11% to 1.41%. There was no gravel content found in L2, while L3 has the lowest gravel content, with the highest content at L4.
The sand content varies from 83.08% to 96.60%. L7 has the lowest sand concentration while L2 contains the highest percentage of sand. The silt content varies from 3.09% to 16.03%. The lowest silt percentage is at L2 and the highest at L7. Lagos beach has a very low clay content but higher than gravel. The clay content is lowest at L9 and highest at L5. L2 has the lowest gravel content and the highest sand content, while L7 has the lowest sand content, highest silt content and the highest clay content.
The overall percentage composition of grain size distribution showed that the studied area is sand dominated (a sandy beach). The distribution of high percentage of sand sized sediments across all the sampled stations is due to the prevailing high-energy environment, where wave show orthogonal converge. Figure 5 and Figure 6 are ternary diagrams for textural classification of sediments based on sand/silt/clay ratios. Figure 5 classified the beach sediments as . Ternary diagrams for textural classification of sediments based on sand/silt/clay ratios (after [27] and [33] .
sands, while Figure 6 classified the sediments as both sands and silty sands. Table 4 gives the descriptive terminology for the textural classes illustrated in Figure 7 .
Grain Size Parameters

Graphic Mean (Mz)
The average size of the sediments show that majority of the samples are medium grained sands, with exception of L2. The mean sizes ranged from 1.02ф to 2.21ф ( Table 4 . Letter-number code and descriptive terminology for the 25 textural classes based on sand/silt/clay ratios as defined in Figure 7 [34]. by the strong wave divergence prevailing in this station. Alternatively, the presence of finer sediments in this area of the beach front supplement the deposition of sediments from the adjacent dunes and beach ridges by aeolian processes. The large occurrences of medium grained sands across Lagos beach is due to the prevailing high energy environment, where waves orthogonally converge.
Standard Deviation
Standard deviation is a measure of the degree of sorting. Sorting can be homogenous or heterogeneous. Homogenous sorting occurs when there is a very minimal level of deviation from the mean, and heterogeneous when there is high deviation from the mean. The sorting values ranged from 0.01 to 0.81ф (Table   5 ). Majority of the sediments are moderately well sorted except for samples L2
and L3 that are moderately sorted; L7 and L10 that are very well sorted. The sediments are medium grained; nevertheless, they are better sorted as a result of the prevailing high energy environment, and wave energy convergence conditions in the beach environment.
Skewness
Skewness is also related to sorting. It shows the degree of asymmetry of the population (or entire sediments distribution). The skewness values ranges between −0.30 and +1.44 (Table 5 ). Most of the beach sediments are strongly fine (positively) skewed, which suggests that the sediments are. deposited by waves and currents under high energy condition. Reference [35] observed that positive skewness characterizes the area of deposition. However, samples L3 and L8 are strongly coarse (negatively) skewed and coarse (negatively) skewed respectively owing to the influence of the cyclic current pattern, indicative of the high energy environment prevailing there.
Kurtosis
Kurtosis shows the degree of reworking of the sediments. The kurtosis varies from 0.44 (Very platykurtic) to 1.37 (Leptokurtic) ( Table 5) ; most of the sediments are platykurtic. The lowest value is recorded at L5 where the sediments are very platykurtic and highest at L7 where the sediments are leptokurtic. According to [36] and [37] , variation in the kurtosis values shows the reflection of the flow characteristic of the depositing medium. It is possible that sediments were deposited by northward-flowing currents, which also attests to the progradational activity that is predominant there.
Relationship between Granulometric Parameters
The relationship between granulometric parameters is significant for the inter- . Depo-environmental discrimination bivariate plot of the beach sediments modified from [3] . Figure 9 . Depo-environmental discrimination bivariate plot of beach sediments, modified after [10] .
channel deposits, overbank deposits and overbank-pool deposits; majority of the beach sediments plotted in the river channel zone. According to [40] , the overlapping of two fields (river channel deposits and overbank deposit) in Figure   10 (c) corresponds to the best sorted grain-size which is approximately 2Ф (0.25 mm). The boundary between the two facies in Figure 10 (b) is, similarly, situated in the zone of the best sorting and the zero value of skewness [40] .
The bivariate plot between mean grain size and sorting (standard deviation) reveals that the grains are sands ( Figure 11 ) that are mainly moderately well 
Linear Discriminant Functions
Statistical method of analysis of the sediments to interpret the variations in the energy and fluidity factors seems to have excellent correlation with the different processes and the environment of deposition [11] . 
C-M Pattern
The CM pattern or the Passega diagram can be used to determine the environmental conditions in which sediment was deposited based on the parameter C 
Conclusion
Grain size analysis of beach sediments in Lagos reveals that the sediments are silty sands and medium grained. The preponderance of medium grained sediments and lack of coarse sands suggest moderate to high energy conditions of deposition. The beach sediments are moderately well sorted, strongly fine skewed and platykurtic. The sorting is probably due to rapid back and forth flow of the depositing medium. Histograms of the sediments exhibit both unimodal and bimodal trends. The arrangement is dominantly asymmetrical with varying modal class, which could be attributed to variation in the energy of the transporting medium. The beach sediments were probably deposited in a shallow marine beach environment in agitated water, with inputs from aeolian source with suspension and rolling as the mode of deposition. The sediments were initially river channel sediments before reworking to the present site.
